Blood fruit is a promising anti-oxidant rich underutilized fruit species with potential as a natural colourant for food, beverage and handicraft industries. The species has been used for fresh consumption, treating ailments and as a dyeing agent by local people including regional tribes in tropical Asian countries. However, at present, fruits are harvested from the wild and there is considerable scope for promoting their cultivation in homestead gardens. Owing to limited population of the species, seed germination studies were conducted. Treatment of seeds with thiourea (0.1%) or GA 3 (1000 mg/l) for 24 h was most congenial for obtaining healthy seedlings in large numbers. To extract chlorophylls and total carotenoids, dimethylsulphoxide was found to be a superior solvent over acetone (80%). Differences in fruit sizes were noticed in fruits grown in two states of India. These findings form the basis for conservation as well as domestication of this multipurpose fruit species in the tropical Asian countries.
minerals and anthocyanins, while anti-nutritional factors are meagre 3, 4 . In Tripura, it is used to prepare processed products such as squash and for dyeing local handicrafts.
Tribes in Assam and Meghalaya are reported to use this species for its juice 5 . Fruits contain bright red juice, which could be utilized as a natural colourant in the preparation of desserts and beverages 6 . Use of natural colourants for improving the appearance of processed products is a known phenomenon, e.g. use of kokum (Garcinia indica) as natural colouring agent in the pummelo (Citrus grandis) based beverages has been successfully demonstrated 7 . Such natural colourants have been well accepted alternatives as they are healthy and free from other harmful effects as artificial colourants. Various plant parts such as fruits and seeds (for treating anemia), roots (for curing itching) and tender shoots (for treatment of jaundice) are also being used in traditional medicines 6 . Nicobarese tribes use leaf decoction for treating body ache 8 . The species is known to tolerate varied conditions including dry climate and highly acidic soils 4 . In addition, it thrives well in Andaman and Nicobar Islands (ANI), which receive heavy rains of about 3100 mm, with a distinct dry phase of 3-4 months. In Meghalaya, the species has been categorized as Critically Endangered 5 . In Bangladesh 9 , the species had attained the Vulnerable status; however a recent report categorized it as highly threatened 6 . Nevertheless, both reports suggest that increasing anthropological activities and climatological factors are major causes responsible for it, and there is need to conserve the species on an urgent basis. Similarly, in ANI, loss of biodiversity due to natural calamities and anthropological pressure (mainly destructive harvesting) is becoming a rising concern 10 . Furthermore, fruit predation by forest fauna, which hinders the natural regeneration process in many underutilized species 11 , could not be ruled out. In Middle Andaman island, local people suggested forage of blood fruit by deer when fruits were borne near the ground.
Presently most of the produce is harvested from the wild, and no systematic efforts have been made so far to promote its domestication. Its domestication could help in reducing the burden on natural stock and the produce Mean values followed by the same lower-case letter in a column did not differ significantly at P ≤ 0.05 using least significant difference.
About 75% of seeds germinated in control (Table 2) . Treatment with 0.2% thiourea was found the most efficient in inducing significantly earlier germination (47 days), while it was the slowest (52.5 days) in control (Figure 6 a) . Non-significant differences were noticed for mean daily germination, germination index and seedling vigour index ( Figure 6 b-d) . This meant that though delayed germination was noticed in control, it had no negative effect on germination characteristics studied. Newly germinated seedlings had glabrous green stem. Vine length after 115 days of sowing varied between 64.71 cm and 85.71 cm ( Table 2) . Longest vines were recorded from seeds treated with 1000 mg/l GA 3 (T 3 ), which was significantly superior to control (81.93 cm). Length of the primary roots varied between 6.14 cm and 7.98 cm, however the root length in control was statistically comparable with those produced in treatments T 2 (500 mg/l GA 3 ) and T 4 (0.1% thiourea). The number of primary roots, however, differed significantly amongst the treatments. Though a maximum number of primary roots was produced in thiourea treatments (T 4 and T 5 ), it remained on par with the control.
Germinated seedlings are generally leafless during the initial stage, and leaf development occurs with seedling age. The number of nodes was maximum (15.1) in seedlings obtained from thiourea (0.1%) treatment, closely followed by those treated with 1000 mg/l GA 3 (14.8). The number of leaves was also the highest in these two treatments. For both number of nodes and leaves, the lowest values were recorded in control. Thickness of the vines at collar region did not differ significantly amongst the treatments. Considering the germination and overall performance, soaking of seeds in thiourea (0.1%) or GA 3 (1000 mg/l) could be recommended for obtaining healthy seedlings in large numbers (Figure 7 a) .
Ex situ conservation
Thirty seedlings (obtained from the germination study) were planted in the germplasm block of ICAR-CIARI, Port Blair for conservation. Seedlings were also planted in Dhanikhari Experimental Garden cum Arboretum of Botanical Survey of India (Port Blair), Department of Agriculture's Organic Horticulture Farm (Sippighat) and Krishi Vigyan Kendra (Middle Andaman Island). In order to promote homestead cultivation, seedlings were also distributed to farmers in South Andaman during this year. 6 . Pulp content, which is the economic portion of the fruit, varied between 18.38% (ANI) and 22.0% (Bangladesh). With the natural population in all these regions being seedling originated, considerable scope exists for identification of superior types with bigger size fruits and higher pulp recovery. Systematic surveys could be taken up in all the growing areas to tap the diversity.
As water soaking resulted in appreciable seed germination, it could be assumed that under wild conditions of evergreen tropical forests, the species can regenerate on its own, following a few showers of monsoon, as it would largely simulate water soaking treatment. However, collection of fruits from the wild by the local people and predation by forest fauna hinders the natural regeneration process 11 . Hence, assisted regeneration through nursery raising is of paramount importance in its conservation. Thiourea and gibberellic acid are amongst the most commonly used chemicals for seed germination. In blood fruit, both chemicals were efficient enough to improve germination and seedling growth. Positive effects of thiourea could be attributed to its efficiency in overcoming dormancy and its cytokinin activity 19 . Earlier reports indicated that GA 3 promoted germination process, postgerminative development and conversion into plantlets 20, 21 through activation of hydrolytic enzymes that are known to increase the osmotic content of seeds 22 . Seeds treated with 1000 ppm GA 3 produced the longest seedlings, which could be due to cell elongation activity of gibberellic acid 23, 24 . Comparison of methods for estimation of photosynthetic pigments revealed significant differences and the method involving dimethylsulphoxide was found to be superior. Efficacy of pigment extraction method and the solvent employed varies greatly with the species 25 , wherein photosynthetic pigments of non-course textured tissues (such as blood fruit) could be more efficiently extracted using dimethylsulphoxide 18 .
The way forward
Considering the nutritional importance and potential uses, systematic efforts have been initiated to collect and evaluate the diversity, standardize mass multiplication, cultivation techniques, etc. for promoting commercial scale cultivation in Bangladesh 6 . In other places of distribution too, it needs to be conserved on priority 26 . Systematic surveys could help in identification of types with higher pulp content, precocity and tolerance to biotic and abiotic stresses. Polyembryony was reported 27 for the first time in the species (Figure 7 b) , which could further be studied in detail. Efforts have been initiated at ICAR-CIARI (Port Blair) for standardization of micropropagation protocol. Procedures for isolation of anthocyanins and utilization as natural colourant for preparing products need to be standardized. Sensitization of stakeholders holds the key to open up the vistas of domestication and sustainable utilization in such species.
